Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  l<nowledge,  policies,  or  practices. 


A44.9 
R312 


UNITED  STATES 
DEPARTMENT  OF  AGRICULTURE 
LIBRARY 


BOOK  NUMBER         A44.  9 

R312 


UNITED  STATES  DEP.iRmEIvT  OF  x.GRICULTURE 

AGRICULTITR^  RESEiiP.CK  SERVICE 
VjASHINGTON  utilization  research  BRaiNCH 

-Jashinr^ton 


CONFEREIvCE_OF  THE  EV^ORaiTED  HILK  ..SSQCI-TIOD-  .imiNJSTrL.IIJB  -'^-£5^^i£2i§5ii 
'JvITE  THE  DAIRY 'rROEUCT'^  SECtiOIT,  VJASHI^^GTOI^  UTILj;;^fflipiteR^^^^^ 

Thursday,  February  16,  If^^^  *^ 


JUN  29  1954 

NOTES  ON  TEE  MEETING     N^^^r.  oTagrICUV:^ 


Page 

Introduction  ••••o«»»*.»»»»«e».«*<»«w*»  1 

Particle  size  measurements  on  milk  and  their  application,  by 

T«  Foster  Ford  ••••••c.o.«.«*e.*«.o«*.  3 

The  influence  of  iron  and  manganese  on  bacterial  spore  forma- 
tion in  milk,  by  Harold  R«  Curran^  o«.-.c9««.««*««  7 

Preservation  of  milk  by  freezing,  b\^  Raymond  "V*  Bell  •  •  •  •   •  11 

Detergent  test  for  fat  in  milk  and  milk  products,  by  Oscar  S. 

Sager  •••••   14 

Determination  of  total  solids  of  milk  by  means  of  the  lactom- 

eter,  by  Paul  D,  '-atson.^   20 


Introduction 

The  m^eeting  y/as  held  in  Room  3709  South  Building,  USDxi,  beginning 
at  10  o' clocks     The  following  were  present: 

Industry/  Representatives 

Dro  Ei  He  Parfitt,  j^isstw  Executive  Secretary,  Evaporated  Milk  ^^sso 

elation,  228  N«  LaSalle  Stc,  Chicago  1,  111. 
Mr^  Ec  M,  Barker,  Rochester  Dairy  Coorerative,  Rochester,  Minn» 
Dro        Jc  Corbett,  Dean  Milk  Company,  1126  Kilburn  ^ve,,  Rockfcrd, 

111. 

I'r,  J.  Fo  H:ale,  The  Borden  Com.pany,  600  N,  Franklin  St.,  Syracuse 

4,  N.  Y, 

Dr«  Gc  H«  Hartmian,  ''Mte  House  Milk  Company,  Inc.,  MarJ.towoc,  '  isc 
Mr*.  P^        Haymes,  United  Milk  Products  Company,  Cleveland,  Ohio. 

(i'ember  of  USD^.  Dairy  ^'^dvisory  Committee) 
I'Irs  Burdet  Heinemann,  Producers  Creamery  Company,  P.  0.  Box  1427, 

5.  St,  Station,  Snringfield,  Mo. 

Dro  Ej  j.^-^  Louder,  Pet  Milk  Com-oanyj,  Greenville,  Illj 

Dr.--  E*  B*  Oberg,  Carnation  Research  Laboratories,  8015  Van  Nuys 

Blvd^,  Van  Nuys,  Calif. 
Mro  Ray  Po^/'ers,  The  Borden  Company,  350  Madison  x-^ve,,  Mew  ^crk, 

N,  y'. 

Mr,Mt^.  ^1,  Scott,  The  Nestle  Company,  Inc.,  2  Milliam  St.,  Mhite 
Plains ;  M.  Y. 

lire  Jc  M.  Trimble,  Indiana  Condensed  Milk  Company,  Lebanon,  Ind., 
Mr«  'Vj  F.  M-iddifield,  Consolidated  Badger  Cooperative,  Shav/anc, 
"dsc. 
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Department  of  Ap;ri culture  ReTpresentatives 

Y/ashington  Utilization  Research  Branch 

Dr»  John  R.  l  atohett.  Chief  of  Branch 
Mr,  Harry  '-v.  von  Loesecke,  Assistant  Chief  of  Branch 
Mr*  Se  Bo  Detwiler,  Jr,,  Technical  iissistant  tc  the  Chief 
Dro  George  E»  Kolm,  Head  of  Dairy  Products  Section  (chairman  of 
conference) 

Mro  Earle  0.  vihittier,  Assistant  Head  of  Dairy  Products  Section 

Dr»  Raymond       Bell,  Dairy  Products  Section 

Dr«  Harold  R»  Curran,  Dairy  Products  Section 

Dr«  Te  Foster  Ford,  Dairy  Products  Section 

Dr«  George  R#  Greenbank,  Dairy  Products  Section 

Mr.  Cscar  S,  Sager,  Dairy  Products  Section 

Kr.  Paul  D,  "/at son.  Dairy  Products  Section 

Eastern  Utilization  Research  Branch 

Dr»  Thomas  L,  HcIIeekin,  Head,  Animal  Proteins  Section 

As  chairman  of  the  conference,  Dr©  Holm  explained  that  it  had  been 
arranged  in  concert  with  Dr«  Parfitt,  to  provide  an  opportunity  for  mem- 
bers of  the  Evaporated  Milk  Association  to  obtain  a  first-hand  picture 
of  the  current  activities  of  the  Dairy  Products  Section,  to  discuss 
research  needs  of  the  evaporated  milk  industry,  and  to  make  suggestions 
regarding  the  future  course  of  the  program. 

Dr»  Holm  outlined  the  change  in  administration  of  the  dairy  products 
work  as  effected  by  the  recent  reorganization  of  the  Department  of  ^^gri- 
culture.    The  work  is  under  the  general  supervision  of  the  Agricultural 
Research  Service  (Dr.  Byron  T.  Shaw,  ..dm.inistrator ) o    Under  i-HS ,  Dr.  G*  E. 
Hilbert,  Director  of  Utilization  Research,  directs  the  activities  formerly 
contained  in  the  Bureau  of  ^agricultural  and  Industrial  Chemistry,  together 
with  the  work  on  utilization  of  meat  and  dairy  products  of  the  former  Bur- 
eaus of  xlnimal  Industry  and  Dairy  Industry.    The  former  BAIC  activities 
include  the  four  Regional  Research  Laboratories  (Southern,  at  New  Orleans, 
La.;  Western,  at  Albany,  Calif,;  Eastern,  at  viJyndmoor,  Paa;  and  Northern, 
at  Peoria,  111.)  v/hich  now  become  Utilization  Research  Branches.    In  addi- 
tion, a  fifth  (TJashington)  Utilization  Research  Branch  has  been  set  up, 
with  Dr.  John  R.  Matchett  as  Chief  of  Branch*    This  Branch  contains  the 
Dairy  Products  Section  (Dr.  George  E.  Holn,  Head),  formerly  the  Dairy  Pro- 
ducts Research  Laboratories© 

Dr»»  Matchett,  in  welcoming  the  industry  representatives,  pointed  out 
the  potential  advantages  of  the  reorganization  as  concerns  milk  products 
research.    Under  the  old  setup,  research  on  food  uses  of  rnilk  was  concen- 
trated in  the  Bureau  of  Dairy  Industry  (specifically,  the  Dairy  Products 
Research  Laboratories),  while  research  on  nonfood  uses  was  concentrated  in 
the  Bureau  of  ^.gri cultural  and  Industrial  Chemistry  (specifically,  the 
Eastern  Regional  Research  LaboratorjO •    Under  the  new  or?;arazation,  all 
milk  research  is  assigned  to  the  Utilization  Research  group;  hence  a  much 
closer  integration  of  the  program  mil  be  possible. 
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Dr»  Matchett  anoounced  that  notes  v/ould  be  made  of  the  prcceedinr^s 
of  the  conference  and  later  supplied  to  those  uresent. 

Dr..  Kolm  successively  introduced  ]  essrs^  Ford^  Currr^nj  ^ell,  Sar.er, 
and  "  atson  of  the  Dairy  Products  Section,  Vv'ho  reported  on  as'jects  of  tho 
program  having  particular  inter<^st  to  the  evaporated  milk  industry*  Each 
report,  Vfhich  vas  followed  b^^  a  discussion  Df^riod,  is  abstracted  belov.-. 
In  the  afternoon^  an  inspection  of  the  laboratories  and  T^ilot  plant  of  the 
Dairj^  Products  Seccion  T/as  followed  by  a  discussion  vlth  ]  r«  }-snry  'iU  Mars- 
ton,  Research  Coordinator  in  the  Office  of  the  Administrator,  ^JIS,  and  Exec- 
utive Secretary  of  the  Dairy  j.dvisory  Cornraittee» 

Particle  Size  Measurements  on  Milk  and  Their  ^'.prli cation 

Foster  Ford 

Vlork  on  particle  size  measurements  was  begun  a  num.ber  of  ^'-ears  ago  as 
a  result  of  observations  of  certain  anomalies  in  the  behavior  of  nilk;  for 
example,  it  was  found  that  some  evaporated  milk  could  be  stabilized  -'ith 
ohosohates,  but  only  in  the  case  of  milk  oroduced  at  certain  tim.es  of  the 
year.     It  was  felt  that  a  starb  tov/ard  the  explanation  of  such  phenomena 
eou]d  be  made  through  fundamental  studies  of  "che  molecular  and  colloidal 
structure  of  the  components  of  m.ilk. 

T'ore  specifically,  the  objective  of  the  ^-.-ork  has  been  the  determina- 
tion of  changes  in  the  size,   shape,  comoositicn,  and  othsr  properties  of 
milk  particles,  and  of  changes  in  the  liquid  system,  during  treatment  vrlth 
such  agents  as  heat^  acid,   rennst,  and  deter-vents^  and  by  dilutiono  Much 
of  the  work  has  involved  the  develonrrient  of  new  tjTDes  of  centrifuge  aid  new 
techniques  for  centrifugal  analysis c     Thus  far,  these  techniques  have  been 
applied  chiefly  to  fresh  untreated  milk,  although  som.3  work  has  been  done 
on  heated  milk. 

The  casein  complex  exists  in  milk  as  particles  which  are  ver^r  large  by 
molecular  standards,  having  diameters  of  several  hundred  j.ngstrom  units,  or 
just  under  the  lower  limit  of  visibility  of  the  light  m^icroscope,  (One 
iiT^strom  unit  =  0^000,000,1  mm.)    There  is  a  clear  implication  in  the  liter- 
ature that  the  particles  vary  continuously  in  size,  and  hence  cannot  be  re- 
solved.   .X  really  continuous  range  of  sizes  is  mathemftically  imipossible; 
but  oarticles  formed  bv  a£;.2;reo;ation  of  a  ven/  snail  unit  m-i2:ht  cover  a  sen- 
sibly  continuous  range.     The  present  assumption  in  the  literature  is  that  the 
unit  is  indeed  very  small. 

It  is  Dr«  Ford's  contention  that  the  casein- complex  unit  is  larger  than 
has  pre\lously  been  thought  to  be  the  case;  ai'd  that,  by  application  of  any 
of  several  new  centrifuge  techniques  that  he  has  developed,  casein-complex 
particles  can  be  fractionated  stepwise,   the  lite:-rture  notv/ithsta nding •  Be- 
fore discussii'ig  the  results  7;hich  led  to  these  conclusions,  it  is  necessary 
to  state,  in  modified  form,  Stoke»s  Irw  for  the  rate  of  fall  of  small  spherieal 
particles  through  a  viscous  medium  under  the  force  of  gravity  or  a  centrifugal 
field: 
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V    =  velocity  of  falling  particle; 

X    =  distance  particle  travels; 

t    *  time  of  this  travel; 

r    =  radius  of  particle; 

d\  density  of  particle,  and  d2  =  density  of  nediujn; 

*  viscosity  of  i.iedium;  and 

F    =  centrifugal  force  applied • 

For  a  unit  centrifugal  field, 

^^x/^t  2    2  ^1  -  ^2 

=      «.   r    »  Sm 
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The  term  s  is  knoivn  as  the  sedinentation  constant,  v/hich  is  characteristic  of 
a  given  colloidal  particle  in  a  given  nediunio     It  is  sediiTientation  constants 
that  are  measured  by  ultracentrifuge  techniques,  and  from  ^.-jhich  apparent  mo- 
lecular weights  can  be  calculated. 

It  should  be  noted  that  s  is  proportional  to  the  square  of  the  radius 
of  a  particle,  and  hence  to  the  two- thirds  poY/er  of  its  volume.    As  an  exam- 
ple, since  =  1.587,  a  particle  of  volume  2  mil  fall  1,587  times  as  fast 
as  a  particle  of  volume  1. 

By  one  of  Dr.  Ford's  analytical  centrifuge  methods,  the  casein  complex 
vms  separated  from  several  ser^ples  of  fresh  inilk,  and  the  following  sedimen- 
tation constants  were  obtained:  166  (182);   281;   372;  465;  591;  781;  and  1,150. 
Now,  if  the  first  fraction  is  assumed  to  have  particles  of  unit  volume  v,  and 
if  its  sediment? tion  constant  is  taken  as  181  instead  of  the  experimental  166 
or  182,  then  particles  of  volume  2v,  3v,  4v,  6v,  9v,  and  16v  v.dll  have  calcu- 
lated sedimentation  constants  of  288,  376,  457,   597,  782,  and  1,150,  respec- 
tively.   This  close  agreement  between  experimental  and  calcul?ted  values  in- 
dicated that  the  value  181  corresponded  to  the  unit  casein-complex  particle, 
the  equivalent  m.oleculrr  weight  being  33,000,000  and  the  particle  diameter, 
640    Angstrom  units.    These  findings  were  TDublished  by  the  International 
Dairy  Congress,  but  have  not  yet  been  accepted  by  ijnerican  journals  in  view 
of  the  literature  statements  previouslv  mentioned. 


Later,  by  another  and  independent  anal^'tical  ultracentrifuge  technique 
which  is  more  accurate  than  the  first  method,  Dro  Ford  obtained  a  series  of 
casein-complex  fractions  hi-.ving  sedimentation  constants  of  114,  181-2,  289, 
457  +  10,  728,  and  1,142,  respectively,    iigain  there  is  a  m.ultiple  relation- 
ship between  successive  fractions;  but  in  this  case  the  calculated  molecular 
weight  of  the  unit  fraction  is  16,500,000,  just  half  of  the  value  Dreviously 
found. 

Preliminary  results  with  a  recently-developed  optical  centrifuge  method, 
which  involves  photogra^-hing  the  boundaries  bet'/zeen  fractions  of  differing 
refractive  index,  have  given  sedimentation  constants  of  114,  181,  288,  457, 
and  1,150,  as  well  as  values  for  a  nuraber  of  intermediate  fractions  not  found 
v/ith  the  earlier  techniques o    For  example,  betv;een  114  and  161,  s  values  of 
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136  arxd  166  were  obtained;  and  bet^^een  181  and  288,  there  were  four  new  val- 
ues*   Fo  fraction  has  been  obtained  whose  sedimentation  constant  is  less  than 
114;  however,  the  .<;reatest  coirmon  divisor  of  all  the  fractions,  or  the  basis 
of  the  two-thirds-power  relationship,  is  28 w5,  representing  a  moleculcr 
weight  of  2,060,000,    Further  work  is  needed  to  determine  whether  this  cor- 
responds to  a  true  unit  casein- complete  particle,  or  to  a  degradation  product. 

In  these  experiments,  the  relative  proportions  of  particles  of  differ- 
ent size  have  changed  continuously  as  a  function  of  time.    This  fact  has 
caused  difficulties,  especially  in  measurements  by  the  original  technique 
which  necessarily  extended  over  periods  of  several  d?ys,  and  where  it  was 
desired  in  each  test  to  make  use  of  samples  from  a  single  lot  of  milk. 

By  use  of  the  analytical  centrifuge  techniques,   studies  have  been  made 
which  bear  on  the  chemical  composition  and  structure  of  the  casein  complex. 
Portions  of  the  same  milk  were  centrifuged  for  increasing  lengths  of  time, 
the  casein  complex  being  deposited  rs  a  jelly  in  progressively  increasing 
amounts.    Chemical  analysis  was  made  of  the  supernatant  liquid  from  these 
samples.    Plots  of  calcium  content  as  a  function  of  nitrogen  content  gave 
a  straight-line  relationship,  indicating  that  the  Ca/lT  ratio  of  the  casein 
complex  Tvas  the  sane  over  the  whole  range  of  particle  sizes*    On  the  other 
hand,  plots  of  organic  phosphorus    as  a  function  of  nitrogen,  v;hile  straight- 
lines  over  most  of  the  range,  fell  off  at  the  higher  levels  of  nitrogen. 
Ixt  the  same  tim.e  the  a cid-^ soluble  phosphorus    tended  to  increase  at  the 
higher  levels.    These  changes  in  the  organic  and  inorganic  phosphorus  occur 
in  the  region  representing  the  largest  of  the  casein- complex  particles,  and 
comprisin/i;  5  to  15  percent  of  the  total  casein  complex*    The  changes  may  in- 
dicate sorption  of  both  inorganic  phosphates  and  non-phosphorus  nitrogenous 
materials;  they  may  also  indicate  the  existence  of  two  kinds  of  casein  in 
milk. 

The  chemical  analyses  permit  some  conclusions  concerning  the  structure 
of  the  major  fraction  of  the  casein  complex.    It  has  the  p/n  ratio  that  it 
would  have  if  the  protein  were  composed  of  alpha-,  beta-,  and  gamma-  caseins 
in  the  proportions  16  to  4  to  1.     The  Ca/p  ratio  indicates  that  the  unit 
casein- complex  particle  comprises  two  calcium  caseinate  m.olecules  linlced  b3' 
one  m^olecule  of  tri calcium  phosphate,  as  follows: 

^.,.0— Ca— 0,.  ^,0--Ca-*0^ 
Casein— P*'"  0— Ca— 0— ^^P— Casein 

g'  ■  -0— Ca— 0    g  g^-0— Ca— 0  ^  g 

As  previously  indicated,  centrifuge  studies  on  heated  milk  are  still  in 
the  preliminary  stages.     It  has  been  noted  that  heating  produces  distinct 
shifts  in  the  particle  size  distribution  and  in  the  calcium  distribution. 
There  is  an  increase  in  the  proportion  of  large  particles,  and  also  in  the 
proportion  of  small  particles,  both  at  the  expense  of  interraedirte  sizes. 
The  small  particles  have  a  tendency  to  form  jellies.    The  gel  structure  is 
such  that,  while  it  has  strength,  the  larger  particles  can  settle  through  it. 


Discussion 


Deter,'?;ents 

Dr»  Holm:    disked  about  the  effect  of  detergents  on  particle  size» 
Dr«  Ford.:     Some  detergents  v/ill  cause  gelation,  ^-^hile  others  convert  milk  to 
a  translucent  substance  in  v/hich  the  large  particles  have  disappeared,  and 
only  a  f  ev\r  very  small  ones  remain. 

Gelation 

Dr«  Oberg:    Requested  further  discussion  of  gelrtion*    Dr«  Ford:  Because 
gelation  greatly  af^'ects  the  stability  of  milk  in  the  can  and  hence  is  of 
prime  importance  to  the  evaporated  milk  industry,  he  is  anxious  to  correlate 
his  ultracentrifuge  studies  r.lth  viscosity  mee.surements o    He  has  at  hand  an 
accurate  rotating-cylinder  viscosimeter,  and  hopes  to  make  use  of  it  soon. 

Dr.  Ford,  continuing;     Jellies  may  be  formed  in  at  least  two  v.^ays.  7/e 
eould  start  v;ith  small  dispersed  particles  which,  on  heating  v/ould  puff  up 
like  rice  to  form  a  jelly.    This  t^,^e  of  jelly  would  not  be  particularly 
elastic;  fat  and  other  large  particles  would  not  diffuse  through  it;  and  di- 
lution v.^ould  destroy  the  gel,    L  second  type  of  jelly  might  be  formed  from  a 
medium  containing  large  globular  particles  which  on  heating  would  explode  to 
form  a  brushlike  structure  ':dth  interlaced  fingers,  reminiscent  of  prickly 
burs,  or  octopi.    This  structure  would  have  elasticity  v/hich  v:ould  net  easily 
be  destroyed  on  dilution;  other  particles  would  be  expected  to  pass  through 
the  brushwork  structure*    If  v/e  could  discover  ho^'^  to  make  large  particles 
small  and  small  particles  large,  Tve  could  perhaps  control  the  gelation, 

Mr-«  Keinemanii:  '?Jhen  you  speak  of  a  casein- complex  particle,  would  you 
say  that  it  is  a  molecule?    Dr»  Ford:    'Vould  prefer  not  to  commiit  himself  on 
that, 

Mr,  Heinemann:     Did  you  use  fresh  mi.lk  in  your  v/ork?    Dr,  Ford*  Yes, 
it  was  plain  untreated  miik^    The  age  of  the  milk  must  be  considered,  since 
in  a  given  series  of  centrifuge  r-'iis,  samples  from  the  same  lot  of  milk  must 
be  used,  and  considerable  time  may  elapse  in  a  series  of  runs.     In  the  orig- 
inal sedimentation  extDeriments,  mentioned  previously,  the  age  of  the  sanples 
was  a  very  important  factor  which  made  it  necessary  to  plot  data  in  three 
dimensions, 

Dr,  Parfitt:    Requested  further  discussion  of  gelation  as  concerns  high- 
temperature,   short-time  heating  of  milk  as  compared  mth  heating  at  lower 
temperatures  for  longer  periods  of  time.,     Dr,  Ford:     Cremical  reactions  take 
time,  and  the  length  of  time  might  be  expected  to  be  greet er,  the  larger  the 
molecules  or  particles  involved.    Also.,  the  phosphorus  anal^.^-ses  indicate  that 
there  may  be  two  chemically  different  kind's  of  casein  complexes  in  milk,  and 
these  complexes  might  be  expected  to  react  differently  to  heat,  and  at  dif- 
ferent rates.     These  different  rates,  combined  with  the  limitations  of  sizes, 
would  affect  the  overall  results  of  heating.     Should  expect  that  considera- 
tion of  reaction  kinetics  would  be  important  here. 

Mr,   :     In  some  evaporated  milk  t'  et  had  been  o^-erheeted,  he 
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found  "octopi"  so  large  that  they  could  be  lifted  out  in  st  ring's.    Dr.  Ford: 
That  is  a  rather  large  molecular  structure.    Plov/ever,  he  has  obse-^ved  gelation 
by  acid  and  rernet,  through  a  microscope.     The  particles,  v/hich  are  originally 
in  rapid  motion,  adhere  by  contact  to  form  chains  and  nets  of  chains.  Inci- 
dentally, bacteria  have  been  observed  in  the  process  of  being  trapped  in  such 
networks.    This  sho^Ys  considerable  strengths 

Continuation  of  '."I'ork 

Dr.  Parfitt:     Dr.  Ford»s  work  7:ill  continue  as  indicated?     Dr.  Holm:  Yes. 

lie  has  just  finished  his  studies  on  fresh  milk,  and  has  made  a  beginning  on 
evaporated  milk.     There  are  many  problems  ahead.     Dr.  Parfitt:     Dr.  Ford  is  to  be 
complimented  on  getting  his  analytical  methods  worked  out. 

Personnel 

Dr.  Corbett:     disked  about  the  number  of  Dr.  Ford^s  assistants.     Dr.  Holm: 
Dr.  Ford  has  three  assistants  and  is  trying  to  obtain  another. 

The  Influence  of  Iron  and  Kan^anese  on  Bacterial  Spore  Formation  in  _  ilk 

Harold  R.  Curran 


In  the  course  of  a  series  of  investigations  of  the  behavior  of  bacterial 
spores  in  milk,  the  Dairy  Products  Section  has  made  some  significant  observa- 
tions concerning  the  influence  of  metals,  specifically  iron  and  manganese, 
on  spore  formation.    This  study,  begun  last  year,  has  shown  that  salts  of 
these  metals,  while  not  affecting  spore  p;erriinetion,  do  markedly  transform 
the  spore- gene racing  potential  of  the  medium,  as  regards  certain  species  of 
bacteria.     The  work  has  loractical  implications  vdth  reference  to  the  appear- 
ance of  contaminating  trace  m^etals  in  rdlk  during  comjnercial  handling  and 
processing.     It  may  lead  to  an  explanation  of  the  occasional  sudden  appear- 
ance in  condensery  milk  of  large  num^bers  of  spores  which  make  sterilization 
difficult  and  uncertain. 

The  bacteria  used  in  this  work  comprised  various  strains  of  10  species 
of  Bacillus,  of  which  the  results  ^;lth  B.  subtilis  Ydll  be  here  reported. 
The  trace  metals  were  chiefly  iron  and  manganese,  generally  introduced  as 
FeCl3o6H20  and  i:nCl2o4H20,  in  concentrations  of  metal  ranging  from.  2  to  280 
parts  per  million.    Soluble  salts  of  numerous  other  metals  potassium, 
sodium,  magnesium,  calcium,  cadmium,  zinc,  cobalt,  nickel,   strontium,  tin, 
copper,  and  cerium  —  also  were  tested;  but  these  either  reduced  sporula- 
tion  or  had  no  significant  influence,  and  v/ill  not  be  discussed  further. 

In  the  first  part  of  the  v;ork,  the  substrate  for  the  bacteria  was  auto- 
claved  skim  milk.     For  purposes  of  coiriparison,  another  series  of  experiments 
was  conducted  in  which  the  substrate  was  one  of  the  following  common  nutri- 
ent media:    Plain  broth  (beef  extract  and  peptone)?  yeast  broth  (yeast  ex- 
tract, peptone,  and  potassium  monohydrogen  orthophosphate);  pork  infusion 
(lean  pork  extract,  peptone,  tr\T)tone,  and  potassium  monohydrogen  ortho- 
phosphate);  and  peptone  broth  (peptone  only). 
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Snorulation  in  Li Ik 


Skim  r!":ilk  cont&ining  iron  or  man;;:ancse  in  quantities  from  0  to  several 
hundred  parts  per  million  vms  seeded  Tvith  spores  of  Ba  subtilis  and  incu- 
bated at  SV^C,  the  Pg  being  unadjusted,    .'^t  intervaTs  fL-omlTto  120  hours, 
the  sariples  ^vere  heated  at  86°C.  to  kill  veretative  grov/th,  portions  •.^•ere 
plated  on  nutriert  agar,  and  the  plates  ■'•^ere  incubated  for  46  hours  anl 
counted.     Colonies  developing  on  the  plates  v;ere  assumed  to  have  originated 
from  spores • 

All  samples  showed  a  rapid  initial  ger'iination  of  spores,  as  in^^icated 
by  a  decreased  spore  count  at  12  hours.  Thereafter,  although  vegetative  repro 
duction  was  heavy  in  all  ceses,  spore  synthesis  in  the  absence  of  added  metal 
i^'as  negligible  over  a  120«hour  period.    In  the  presence  of  suitable  concentra 
tions  of  netal,  hov.^ever,   spore  synthesis  up  to  4£  hours  v/as  rapid.     In  the 
case  of  added  manganese,  spore  formation  was  in  inverse  proportion  to  the 
metal  content,  being  very  rapid  at  2  ppm,  and  slightly  less  rapid  at  20  and 
200  ppm.     In  the  case  of  added  iron,  the  relationship  "/as  direct:    sit  2  ppm 
spore  formation  v/as  negligible,  at  20  ppm  it  ^/vas  moderate,  and  at  200  ppm 
it  was  approximately  as  rapid  as  with  2  ppm  of  manganese,    lifter  48  hours 
there  was  little  further  increase  in  sporulation.     It  is  noteworthy  that 
while  man-^anese  was  effective  in  low  concentration,  a  hundred  times  as  much 
iron  v/as  required  to  produce  a  co^iparable  result;  this  probably  accounts 
for  the  fact  that  the  spore-proiioting  activity  of  iron  has  been  previously 
overlooked.     Increasing  the  concentration  of  added  iron  to  400  and  600  ppm 
usually  resulted  in  a  further  increase  of  the  soore  crop  "'•■hen  the  p  ,  T-iiich 
had  been  made  acid  hy  the  iron  salt,  vjas  adjusted  nearly  to  the  neu€ral 
p  oi  nt  • 

Sporulation  in  broth  media 

In  view  of  the  results  obtained  mth  milk,  it  was  of  interest  to  ascer- 
tain if  the  spore-nromotirs;  function  of  iron  and  ma.nq:anese  cculd  be  similarly 
demonstrated  in  other  complex  organic  media,  particularly  those  used  in  the 
laboi-atory  as  substrates  for  the  gro^-th  of  sporogenic  bacteria,  second 
set  of  experiments  was  tI:erefore  perfor.aed,  in  which  B.  subtil  is  was  groY:n 
on  plain  broth,  peptone  broth,  yeast  broth,  or  pork  ilifusion,  with  or  ■'^Ithout 
the  a:  dition  of  iron  (200  ppm)  or  manganese  (2  ppm).     In  all  cases  the  p^  was 
adjusted  to  neutrality.  The  results  showed  that,  as  in  the  case  of  m.ilk,  "veg- 
etative reproduction  was  heavj-  in  all  sai?.ples;  but  again,  the  samples  con- 
taining no  metal  produced  few  or  no  new  spores,  while  those  containing  either 
iron  or  manganese  produced  a  plentiful  crop,    ^is  concerns  the  different  sub- 
strates, the  simpler  plain  broth  and  peptone  broth  caused  generally  better 
sporulation  than  did  the  more  complex  yeast  broth  and  pork  infusion. 

Sporulation  as  Influenced  by  Form  in  ".Tiich  Iron  is  Supplied 

In  the  foregoing  experim.ents,  iron  where  used  to  fortify  the  medium  was 
added  as  ferric  chloride,    ^xn  additional  series  of  tests  was  made  in  which  Bm 
subtilis  was  cultured  in  milk,  the  fortifying  ag;ent  being  either  ferric  chlor 
ide,  ferric  thiocyanate,  ferric  oxide,  or  reduced  iron  (all  at  200  ppm),  or 
ferrous  chloride  (at  280  pom).     The  highly-ionized  ferric  and  ferrous  chlor- 
ides, in  the  concentrations  used,  were  equally  effective  in  promoting  heavy 
sporulation.    The  feebly-ionized  ferric  thiocyanate  prom.oted  moderately 


9 


heavy  spore  formation,  ^vhilG  ferric  oxide  and  roduced  iron  hrd  no  ef'rct.  The 
results  obtained  v/ith  the  thiocj.^anate  suf;^,';est  that  not  only  the  ions,  but  also 
iron  in  the  nonionic  formj  contribute  to  spore  formation. 

Sporulation  as  Influenced  by  P^ust  Contamination 


The  effects  v;hich  extraneous  iron  may  induce  in  sporo:^enic  or;;anisms  in 
milk  sug'  est  that  contamination  v/ith  iron  ijeiy  Dlay  a  role  in  certain  problems 
of  milk  preservation;  the  wide  distribution  of  this  element  in  sell    pnd  the 
m.any  routes  by  ivhich  it  may  enter  mill:  lends  substa-  ce  to  this  possibilitye 
Of  special  interest  is  the  effect  upon  sporuls'tion  of  rust  contamination  in 
milk  handlin^^  equipment*    To  obtain  some  light  on  this  point,  a  sa^r.ple  of 
sterile  skim  milk  v'as  treated  with  rust  soraoed  from  a  u^^ed  rusting  dairy 
utensil,  while  a  second  portion  from  the  same  source  served  as  control;  the 
two  samples  v/ere  similarly  inoculated  ?;ith  snores  of  P,  subtilis,  and  plate 
counts  Tvere  made  at  zero  hours  and  after  the  usual  period"s''o^'  incubation.  In 
a  second  experiment,  equal  voiumes4iif  well-mixed  non-sterile  fresh  milk  were 
stored  at  0°C»  for  24  hours  in  each  of  two  similar  sterile  milk  cans,  one  of 
which  was  rust-free,  while  the  other  contained  on  its  inner  surface  large 
areas  of  rust»    Aliquots  of  each  sample  were  then  incubated  at  37**C,,  mth  and 
without  previous  inoculation  7/ith  spores  of  B.  subtilis.    Spore  counts  at  the 
usual  periods  provided  the  desired  data* 

In  the  first  experiment,  active  sporulation  was  observed  in  the  sample 
containing  rust  from  the  dairy  utensil,  the  results  being  comp?^rable  to  those 
observed  previously  vdth  soluble  iron  salts.     In  the  f,econd  experiment,  the 
storage  of  milk  in  the  rusty  can  actively  promoted  the  formation  of  new  spores, 
whereas  storage  in  the  rust-free  container  had  no  significant  effect*  It 
should  be  noted  that  in  the  case  of  the  rusty  container,  iron  effects  vrere 
produced  both  in  the  sample  to  which  B»  subtilis  spores  had  been  added,  and 
in  the  uninoculated  sample;  this  indi'cates  the  presence  of  iron-responsive 
sporogenic  bacteria  in  the  natural  :iilk  flora. 

Discussion 

Dr.  Parfitt:     In  the  rusty  can,  how  would  the  iron  be  transmitted  to  the 
milk?  as  the  lactate?    Dr.  Curran:    Probably  so.    Citrates  or  other  soluble 
salts  also  might  be  involved.    It  takes  only  a  few  hours*  standing  of  the  milk 
to  produce  the  effect. 

Kr»  Heinemann:    Did  you  determine  the  concentration  of  iron  in  the  milk 
that  stood  in  the  rusty  can?    Dr.  Curran;     Fo.    '-e  have  seen  published  figures 
indicating  that  milk  as  it  comes  from,  the  cow  has  an  iron  content  of  perhaps 
2  ppm;  but  we  know  of  no  data  on  iron  picked  up  from,  the  container  or  extran- 
eous sources.    I':ro  Heinemann:    His  point  is  that  in  .the  experiments  first  re- 
ported, it  required  from  20  to  200  ppm  of  iron  to  promote  sporulation,  whereas 
a  concentration  of  2  ppm  had  little  influence.    Dr.  Curran:     The  results  that 
I  first  m.entioned,  on  spore  formation  in  milk  containing  added  iron  salts,  are 
readily  reproducible.    'Ye  can  safely  conclude,  therefore,  that  the  sample  of 
milk  to  which  rust  had  been  added,  had  a  soluble  iron  content  of  at  least 
50  ppm.     Incidentally,  there  are  certain  non- spore- forming  organisms  in  milk 
whose  grovrbh  is  stimulated  by  very  smiall  amounts  of  iron.    An  example  is 
Aerogenes,  a  troublesome  gas-former  in  milk. 
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Dr*  Louder:    Are  there  metals  ^'^'hioh  ivill  iriliibit  spore  forrru'- tion? 
Dr»  Curran:     Ir.  the  present  ■'•vork  we  studied  a  vtaTet"^/  of  metals,  of  Tvhich 
iron  and  manganese  nromoted  spore  for.-iation,  Tvrhile  the  remainder  either  re- 
duced spore  formation  in  the  concentrr^tions  tested,  or  had  no  si,<rnif icant 
influence. 

Dr.  Louder:    '-ihat  is  "menadione",  which  is  bein,";  fed  to  stock? 
Dr.  Curran:    Understands  this  to  be  2-methyl-l,4-naphthoquinone.  '  .'orkers  at 
Florida  State  University  have  claimed  that  when  minor  amounts  of  this  substance 
are  a-^^ded  to  the  feed  of  lactating  cov/s,  or  directly  to  milk,  souring  is  re- 
tarded.   This  v'ork  i-tps  discussed  in  a  paper  at  the  iiiaerican  Cher.dcal  Society 
meetings  in  the  spring  of  1953.     The  Dairy  Products  Section  has  done  only  a 
very  minor  ajiiount  of  v/ork  on  it,  and  hence  v/e  are  reserving  opinion  on  its 
effectiveness . 

Dr.  Parfitt:     To  return  to  the  subject  of  iron,  if  iron  were  exposed  in 
an  evaporated  milk  can  and  the  sterilization  v^ere  insufficient  to  give  a  full 
kill,  would  the  iron  contribute  to  sooilage?    Dr.  Curran:    Suspects  that  the 
iron  in  this  case  would  have  little  effect.    Iron  does  not  promote  the  germ- 
ination of  SDores,  but  rather  their  forination. 

Dr.  i'arfitt:     Is  there  any  recent  work  on  the  reason  why  spores  go  into 
the  vegetative  stage?    Dr.  Curran:     Sporulation  occurs  when  nutritional  or 
environmental  conditions  become  unfavorable  to  groiTbh;  when  these  conditions 
again  become  favorable,  most  of  the  SPores  germinate  promptly,  and  vegetative 
multiplication  takes  place.    A  very  sm.all  minority  of  spores  frequently  exhibit 
delayed  germination  under  favorable  growth  conditions;  the  causes  of  this  phe- 
nomenon are  as  yet  quite  obscure. 

I'r.  Ileinemann:     If  you  took  a  sample  of  sterile  milk,  added  iron  to  one 
portion,  then  added  E.  subtilis  to  both  portions  and  incubated,  v^hich  portion 
would  have  the  hi'thest  cell  "count?    Dr.  Curran:     There  would  be  more  cells  in 
the  sample  containing  iron.     In  the  case  of  manganese,  would  say  that  the 
effect  on  cell  growth  would  be  negligible;  the  effect  is  entirely/  on  the  pro- 
d\.iction  of  spores. 

i  r.  Heinemann:    Percentagewise,  do  you  have  .  'Oi;  e  spores  in  relation  to 
the  total  population,  in  the  case  of  iron?    Dr.  Curran:  Yes. 

Dr.  Corbett:    'hat  is  the  effect  of  metals  on  thermal  death  times? 
Dr.  Curran;     There  is  little  effect.    Sntero coccus  does  show  a  measureable  in- 
crease in  heat  resistance  when  it  is  grown  in  the  presence  of  iron,  but  this 
effect  is  only  of  the  order  of  2  or  3**C. 
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Freservation  of  T  ilk  by  Freezing; 
Raymond  Bell 

Frozen  Concentrated  Skim  r.ilk  for  Use  in  Baking; 

The  Dairy  Products  Section  has  been  interested  in  frozen  concentrated 
skim  milk  as  a  source  of  milk  solids-not-fat  in  breed.     In  the  course  of  ex- 
periments in  this  field,   skim  milk  Y/as  divided  into  tvio  xiortions,  one  of 
T'/hich  was  forewarned  at  150*F«  for  30  minutes,  the  other  at  180**?,  for  the 
same  period.     The  former  temperature  corresDonds  roughly  to  that  used  in 
pasteurization,  the  la  ter  to  the  heat  treatment    considered  best  viher.  skin 
milk  is  to  be  dried  and  used  in  making  bread. 

After  forwarming,  each  T^ortion  was  concentrated  to  about  40  oercent  sol- 
ids content,  packaged  in  small  cans,  frozen,  and  stored  at  0°F,  for  a  3^ ear. 
Each  month  or  two,  samples  were  thawed,  examined,  and  incorporated  into  bread 
doughs  at  the  rate  of  6  parts  of  skim  solids  to  100  parts  of  flour.  Bread 
was  made  from  the  doughs,,  and  evaluated  by  sta:  dard  scoring  procedures  (flavor, 
loaf  volume,  crumb,  color,  etc,)* 

In  the  course  of  the  year,  the  body  of  the  concentrated  skim  milk  deter- 
iorated until  the  thawed  samples  were  curd^r,  coarse,  and  even  v'heyed  off.  Also, 
the  flavor  deteriorated,  gradually  becoming  old,  stale,  and  even  oxidized.  Yet 
this  material  continued  to  be  as  good  a  source  of  milk  solids  for  baking  as 
when  the  samples  were  fresh.     Sa2-Yples  from  milk  forewarmed  at  160 ^I's,  gave  bet- 
ter results  than  did  those  where  the  f orewarriins;  teLirjerature  was  only  150*^F, 

The  foregoing  work  was  described  in  the  Journal  of  Dairy  Science  for  July 
1953,  "  . 

IVi'ore  recentlv,  frozen  stora,q:e  of  concentrated  ski-:^.  milk  has  been  comoared 
to  drying  as  a  means  of  preserving  milk  solids-not-f at  for  use  in  bread.  Sat- 
isfactory results  were  obtained  in  all  baking  t-r^sts.    Ho— ever,  results  with 
dried  skim  milk  solids  ^^^ere  slightly  superior  to  those  with  concentrated  skim, 
milk. 

Discussion 

Dr,  Parfitt:    '"fere  there  any  differences  in  the  milk  before  and  after 
freezing?    Dr,  Bell:    Yc;  the  rate  of  freezing  is  a  minor  factor.     It  is  the 
storage  conditions  —  time  and  temperature  —  that  are  i^nportant, 

Dr,  Bell:     It  may  be  of  interest  to  add  that  in  some  cases,  gelation  v/as 
obtained  on  freezing  the  samples.    Also,  deterioration  was  first  evidenced 
after  two  or  three  weeks  of  storage;  that  wss  true,  ircidentally,  of  concen- 
trated v/hole  milk  as  well  as  of  concentrated  skim  milk, 

Dr,  Oberg:     In  connection  vath  deterioration,  did  you  make  use  of  anti- 
oxidants?    Dr.  Bell:     Vot  in  the  work  just  reported,    'Te  have  used  antioxi- 
dants in  other  cases,  however,  and  find  that  they  are  helpful. 
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Dr.  Greenbank:     Did  the  loaf  volume  remain  the  saneinboth  sets  of  samples? 
Dr*.  Beiij    There  v/as  a  differenoo       favor  of  t>o- high-heat- treated  milk. 

Refrigerated  Storap-e  of  ^ivaporated  Mil]-.: 

Dr.  Bell  next  discussed  the  advantages  of  storing  ev8.porated  milk  under 
refrigeration.     In  this  connection,  he  exhibited  graphs  taken  from  an  article 
by  B«  H.  ''yebb  et  al«,  of  the  Dairy  Products  Section,  appearing  in  the  November 
1951  issue  of  the  Journal  of  Dairy  Science. 

Evaporated  milk  in  cans  was  stcred  in  an  undisturbed  condition  for  two 
years  at  temperatures  ranging  from  30  to  100°F,     Thereafter,  the  still  undis- 
turbed samples  were  quick-frozen,  removed  from,  the  cans,  and  cut  horizontally 
into  three ^equal  portions.    Each  portion  was  analyzed  for  fat  and  protein. 

At  temperatures  of  SCF.  and  below  there  was  no  separation  of  fat  or  pro- 
tein.   At  60**  there  was  appreciable  separation,  which  increased  rapidlj^  at 
higher  temperatures.    Fat  rose  at  a  relatively  fcst  rate  into  the  upoer  frac- 
tion, whose  fat  concentration  at  86**  storage  was  twice  that  of  the  sar.vple  be- 
fore storage.    The  rising  fat  carried  with  it  considerable  quantities  of  the 
protein.    >Iuch  of  the  remaining  protein  settled  toward  the  bottom..    Thus,  in 
the  cans  stored  at  86°,  the  protein  in  the  middle  fraction  was  markedly  de- 
pleted* 

The  stability  of  the  samples  stored  at  50**  and  below  is  a  reflection  of 
increased  viscosity  at  these  temperatures. 

Discussion 

Dr.  Bell:     The  advantages  of  refrigerated  storage  of  evaporated  milk  have 
been  demonstrated  in  the  foregoirig  work.    He  has  been  informed  of  one  disad- 
vantage, which  is  that  when  the  cans  are  removed  from  refrigeration,  condensa- 
tion of  moisture  causes  rusting.    Pie  inquired  v/hether  this  could  not  be  pre- 
vented by  coating  the  cans  with  shellac  or  other  rust  inhibitor. 

Dro  Parfitt:    The  sweating  of  cans  is  a  problem  that  industry  has  learned 
how  to  handle,  and  hence  is  not  as  serious  as  Dr.  Bell's  informant  would  in- 
dicate.   The  general  procedure  is  to  watch  the  dev\r  point  carefully.  During 
the  'var,  can  coatings  were  tried  as  a  camouflage  m.easure,  but  no  one  is  now 
using  such  coatings  for  rust  prevention.    Additionally,  very  little  milk  is  now 
stored  in  "bright"  cans,  i.e.,  vdthout  a  label. 

Dr»  Louder:    Some  firms     store  cans  on  pallets  covered  with  an  insulated 
wapT^er.    'vhen  the  oallets  are  removed  from  refrigeration,  any  moisture  will 
be  condensed  on  the  v/rapper. 

Dr.  Louder:    Protein  separation  is  an  important  problem,  i-hich  apDears  to 
be  most  acute  in  the  case  of  Southern  milk.    Dr.  Parfitt:    Protein  separation 
in  Southern  milk  may  have  to  do  with  processing  m-ethods,  since  the  situation 
is  gradually  being  improved. 
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Mr.  'Yiddi field:    Referring  to  the  protein-  and  fat- separation  curves  on 
Dr»  Bell's  graphs,  is  there  a  critical  temperature  belo\/  vjhich  refrigeration 
has  no  advantages?    Dr»  Bell:    Evidently  50**  is  the  critical  temperature,  bdlo\v 
■"/rhich  little  further  advantage  is  obtained* 

Dr.  Oberg:    Asked  about  the  viscosity  of  the  samples  stored  at  the  differ- 
ent temperatures*    Dr.  Bell:     This  information  is  given  in  Vebb^s  publication, 
cited  above. 

Dr.  Parfitt:     The  v/ork  ^-hich  Dr.  Bell  has  described  has  already  resulted 
in  a  trend  tov/ard  cool  storage  on  the  part  of  evaporated  milk  producers. 

Effect  of  Heating;  on  Characteristics  of  I'ilk 

Dr.  Bell  discussed  one  phase  of  a  study  on  the  effects  of  heat  on  milk, 
v/hich  it  is  hoped  rdll  aid  in  learning  hov/  to  prepare  a  superior  evaporated 
milk. 

Samples  of  skim,  milk  '-ere  held  at  temperatures  of  150®,  168**,  and  on  up 
to  300**F.  in  18°-increments,  for  a  period  of  20  minutes.     In  all  cases  the  T3re- 
heating  time  and  the  coclin?~,  time  ^.-^ere  one  minute  each,     'The  samples  "ere  then 
examined  for  pH,  color,  and  the  amount  of  non- volatile  reactive  sulfur  that 
v/as  form.ed  durin>!;  heatina:. 

The  results,  v.^hich  rrere  displayed  in  a  gra^h,   shoY:ed  a  sharp  increase  in 
acidity    at  the  higher  tem.peratures,  above  240**?.     The  color  increased  at  tem- 
peratures above  the  boiling  point,  especiallj^  above  250**.     The  curve  for  non- 
volatile sulfur  rose  and  fell  in  the  region  170**  to  230°F.,  then  rose  again 
at  about  250**.    Possibly  the  reason  for  the  second  rise  is  that,  :'ith  the  forma- 
tion of  amino  acids  from  serum  protein  and  of  form.ic  acid  from  the  lactose,  the 
sulfur  groups  ^'^ere  re-exposed. 

None  of  these  curves  is  ideal,  in  that  none  shov/s  a  linear  relationship  to 
the  amiount  of  heat  put  into  the  skim  m-ilk. 

If  skim  milk  of  higher  solids  content  had  been  used  in  this  exoeriment, 
the  heat  effects  v/ould  have  occurred  more  rapidly  and  to  a  greater  extent,  so 
that  the  curves  'TOuld  have  been  steeper  and  their  peaks  higher. 
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Deterfi:ent  Test  for  Fat  in  11  ilk  and  :  ilk  Products 

Oscar  S,  Sager 

In  the  Babcock  test  for  fat  in  Hairy  products,  the  use  of  sulfuric  acid 
has  long  been  reco;;;nized  as  exnensive,  corrosive,  ard  hazardous  to  personnel. 
Efforts  to  de^-elop  a  more  satisfactory  test  have  been  made  by  various  v/orkers, 
including  Schain  (Science  110,121  (1949)),  who  proposed  the  use  of  two  deter- 
gents       one  anionic,  for  dispersing  nroteins  and  releasing  the  fat,  and  the 
other  nonionic,  for  extracting  and  raising  the  fat.    Evaluation  of  the  Schain 
test  indicated  that,  while  satisfactory.'  from  the  standpoint  of  noncorrosive- 
ness,  it  suffered  from  certain  major  defects  which  led  to  inconsistent  results 
over  the  range  from  low-fat  milk  to  high-fat  milk.     In  ccnsequ e.r:ce,  the  Dairy 
Products  Section  has  develc^ed  a  new  method  which  emplovs  a  nolj^hosphat e  salt 
ai^d  a  nonionic  detergent  as  the  principal  reagents.     This  : method,  knovm  as  the 
"BDI  Detergent  Test  for  Butt erf at  in  Milk  and  Other  Dairy  Products",  was  pub- 
lished in  the  Proceedings  of  the  ■  ilk  Industry  Foundation  Convention  (Chicago), 
September  24-26,  1952. 

The  present  report  will  comprise  an  outline  of  the  test  as  published  in 
1952,  together  with  a  discussion  of  recent  improvements  and  the  results  of 
comparisons  with  the  Babcock  and  Reese-Gottlieb  methods. 


BDI  Detergent  Test  as  Applied  to  Milk 

Reagents 

A.    7.0  g.  sodium  tetraphosphate  a:;.d  3.0  g.  Triton  X-100  made  up  to  100 
ml.  with  distilled  water. 

E.     50  percent  methyl  alcohol. 

Procedure 

The  test  bottle  and  m.ilk  pipet  are  the  sam.e  as  in  the  official  Babcock 
test  (AOAC  i;ethods  of  iinalysis,   7th  M.,  1950,  pp.-  233-234).     Likewise,  the 
centrifuge,  calipers,  and  water  bath  for  "temipering"  the  test,  are  the  same. 
The  milk  is  prepared  as  directed  in  the  ■  ethods,  p.  227,  which  soecify  bring- 
ing the  milk  to  20°C.  before  sampling.    The  test  is  then  conducted  as  follows: 

Part  A.    ^'[ith  a  pipet  transfer  18  g.  of  pre-:ared  sample  to  milk  test 
bottle.    Blow  out  milk  in  Dipet  tip  after  free  drainage  has  ceased.    Add  5.0 
ml.  of  rea':;ent  "A"  portion\-dse  so  as  to  wash  all  traces  of  milk  into  bulb. 
Fix  by  shaking.     Transfer  bottle  to  bath  of  boiling  vmter,  level  of  water  cov- 
ering level  of  milk  in  bottle.^    After  about  5  minutes  in  bath,  shake  to  remix 
raised  cream  and  replace  in  bath  for  10  raore  minutes.    Remove  from  oath  v/ith- 
out  remixing  contents. 

Part  B.  Method  using  centrifuF^e.    'Jhile  bottle  is  still  hot,  add  50  per- 
cent methyl  alcohol  to  toD  of  graduated  scale.     (]:To  v/ater  is  added  in  this 
procedure.)    Allow  alcohol  to  run  down  side  of  neck.     Transfer  bottle  to  un- 
heated  centrifu?z;e  and  rotate  centrifuge  for  2  minutes.     Transfer  bottle  to  wat 
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bath  maintained  at  55-60**C,,  immerse  it  to  level  of  top  of  fat  column,  and 
leave  for  at  least  15  minutes,  until  column  is  in  eouilibrium  and  lo^.ver  fat 
surface  has  assumed  final  form.    Remove  bottle  from  bath,  wipe  it,  and  v/ith 
aid  of  dividers  or  calipers  measure  the  fat  column  in  terms  of  percent  by 
weight,  from  lower  surface  to  hi,'^;hest  point  of  upper  meniscus  ( bottoK-to-top 
reading ) • 

Part  B«  Alternate  method  not  using  centrifuges    ';hile  bottle  is  still  hot, 
add  50  percent  m^athyl  rlcohol,  pouring;  it  dov;n  side  of  neck,  until  contents  of 
bottle  reach  into  neck  of  bottle,  but  not  above  zero  graduation  on  scale.  Add 
water  until  corAents  reach  top  of  calibrations.     Transfer  bottle  to  v/arm  water 
bath  at  55-60**C,  for  tem.pering,  and  continue  as  in  Part  B  above. 

As  the  fat-extracting  agent,  a  nonionic  tj/pe  of  detergent  was  chosen  be- 
cause it  dissolves  by  association  and  can  be  forced  from  solution  by  heet  or 
salt,  or  both.     Triton  X-100,  an  ethylene  oxide  condensation  product,  was  found 
to  be  satisfactory  and  is  specified  in  the  test  method,  although  Tergitol  Dis- 
persant-lTPX  also  can  be  used. 

The  sodium  tetraphosphate  is  used  primarily  to  disperse  the  protein  and 
liberate  the  fat.    iidditionally,  it  serves  to  break  the  emulsion  of  detergent 
and  water,  and  to  sequester  calcium  ions,  thus  preventing  precipitation  of  cal- 
cium salts.    Of  five  polyDfiXjsphates  that  are  recognized  as  distinct  compounds, 
the  tetraphosphate  was  selected  as  having  an  optimum  combination  of  properties. 

The  methyl  alcohol  decreases  the  viscosity/  of  the  test  m.ixture,  so  that  the 
fat  rises  more  readily;  further,  it  tends  to  r^ause  the  fat  particles  to  col- 
lect into  one  l.-^rge  globule.     The  alcohol  does  not  partition  into  the  fat. 

Tv-/o  other  important  factors  in  the  test  are  the  tem.perature  and  time  of 
heating.    The  temperature  of  boiling  waiter  was  seclected  to  obviate  the  need 
for  thermostatic  control,  and  the  detergent  and  amount  of  polj/phosohat e  were 
so  chosen  that  reaction  would  be  effected  at  this  temperature.    The  heatir^g  time, 
15  minutes,  is  considered  to  be  a  desirable  minimum. 

Alternative  procedures,  vdth  and  v.dthoit  centrifuging,  are  given  in  Part 
B  of  the  test.    The  centrifuge  procedure  yields  fat  values  which  check  closely 
with  results  obtained  in  the  Babcock  test.    Results  with  the  non- centrifuge 
procedure  are  occasionally^  slightly  lo^v,  possibly  because  of  mechanical  en- 
trainment  of  fat  particles,  and  further  work  is  needed  to  check  its  accuracy. 

The  method  as  given  above  is  designed  for  milk  and  cream  of  less  than  about 
15  percent  fat  content.  heavier  crean  the  procedure  is  similar,  except  that 

nroducts  of  15  to  50  percent/content  require  10  ml.  of  reagent  A,  and  still 
heavier  creams,  up  to  abcut~"50  percent  fat,  require  15  mJ,  of  the  reagent. 

Discussion 

i:r.  Scott:  Is  the  BDI  test  receiving  official  recognition?  r.  Sager: 
The  AOAC  is  studying  the  mc.thod.  It  is  not  yet  officially  recognized  by  the 
States. 

¥r»  Heinem.ann:     Considers  the  heating  time  —  15  minutes  —  an  undesirable 


cerJ 


Ms 
im 

of! 


I 

Mt 

iieec 
and 
rept 

mi 

clef 


test 
tat. 

rer.e 


H 

Jtt 
I 

ik 
ties 
iio'/'e' 

tstli 

Ii0j( 


16 


feature  of  the  test«    1  r»  Sa,T,er:     The  ccllection  of  fat  is  essentially  com- 
plete at  the  end  of  5  minutes,  so  that  the  bath  time  c;  uld  be  reduced  if  nec- 
essary*   The  last  10  minutes  of  heating  servail  to  collect  the  final  0,1  per- 
cent of  fat. 

T  r»  Heinemann:     Discussed  the  relative  advantafjes  of  BDI  and  Baboock 
tests,  from  the  standpoint  of  time  required,  dp rticul^rly  in  the  bath,  Dr» 
Corbett:     Centrifuging  (and  not  the  bath  time)  is  the  main  stuinbling  block  of 
his  laboratory  in  the  operation  of  the  Eabcock  test.    Dr.  Hartman:     The  bf?th 
t-ime  should  not  be  important  in  scheduled  operations  involving  a  large  number 
of  samples,  using  a  bath  of  sufficiently  large  capacity, 

A  question  was  raised  as  to  the  effect  of  milk  preservatives,  Sager: 
J  er curie  chloride  does  not  interfere  with  the  test.  Chloroform  vjould  get  into 
the  fat,  a.nd  make  the  results  too  high. 

Continuation  of  Report 

The  BDI  test  performs  as  well  with  hbm.ogenized  milk  as  with  plain  milk. 

The  test  has  various  advantages  over  the  Babcock  test.     The  chemicals  ae 
not  only  harmless,  but  cheap:     some  of  the  detergents  sold  over  the  counter  in 
grocery  stores  would  probably  work  as  well  as  Triton  X-100.    Fewer  precautions 
need  he  taken  as  concerns  such  particulars  as  temperature  of  milk  and  acid, 
and  soeed  of  centrifuge.    The  centrifuging  time  is  considerably  less,  and  no 
repeated  additions  of  water  are  required.    Less  precision  is  required  of  in- 
exoerienced  operators.    At  the  end  of  the  test,  the  fat  column  is  transparent, 
containing  no  charred  particles.    The  bottom  meniscus  is  uniform,  rounded,  and 
clear-cut,  not  irregular  as  is  often  the  case  in  the  Babcock  test. 

The  BDI  test  works  well  ^dth  ice  cream..    Early  in  the  development  of  the 
test,  trouble  ws  encountered  with  a  chocolate  ice  cream  which  gave  no  test  for 
fat.    The  difficulty  was  traced  to  the  high  solids  content  of  the  mix,  and  was 
remedied  by  use  of  an  increased  quantitj^  of  detergent. 

Sodium  carbonate  used  in  2-percent  solution  also  has  improved  the  test  as 
anplied  to  ice  cream,  assisting  the  polyphosphate  in  breaking  the  fat-detergent 
emulsion.     It  has  general  advantages  in  the  test  as  apolied  to  rrilk,  causing 
someviThat  better  fat  separation  and  a  somewhat  sharper  meniscus.    Hence  we  are 
at  the  point  of  making  its  use  a  part  of  the  regular  procedure. 

Recent  work  has  indicated  that  such  comoounds  as  Versene  or  Sequestrene, 
which  are  sodium  salts  of  ethyl enedi amine  tetra-acetic  acid,  have  possioili- 
ties  as  substitutes  for  polj^phosDhat es  as  dispersing  and  sequestering  agents. 
However,  further  study  is  necessary  to  determine  the  best  means  of  using  them. 

!  r,  Sager  distributed  a  mimeograph  circular  (BDB:-1154)  which  included 
tables  comparing  fat  determinations  by  the  EDI,  Babcock,  ard  Roese-Gottlieb 
i  (i.ojonnier)  tests,  as  applied  to  milk,  ioe  cream,  and  evaporated  milk.  Two 
: of  these  tables  are  inserted  below. 
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Table  1.    Butterfat  in  iLiVz;     Comp,?  risen  of  3DI  Detergent  Test  -dth 

Babcock  Test. 


1/  ' 
]  ilk  sample—'  i 

(date)  J 

0  /  * 

I             BDI  Test^/  : 

• 

/ 

Babcock  lest^ 

Percent 

Percent 

2-17 

4»58 

4.57 

2-16 

4.20 

4ol5 

2-19 

4.27 

4.20 

2-20 

4.34 

4.29 

2-25 

4.32 

4»29 

2-27 

4cl3 

4.10 

3-3 

3.90 

3.80 

3-4 

4.24 

4.19 

3.5 

3,91 

3.90 

3-6 

4.31 

4.30 

3-9 

3.88 

3.91 

3-10 

4.22 

4.30 

3-11 

4.29 

4.27 

Average 

4.20 

4.17 

I'ixed  herd  milk  from  i^eltsville  Agricultural  ^  esearch  Center. 
2 

Both  tests  ''^ere  conducted  in  Babcock  test  bcttles  esr)ecially 
selected  for  accuracy  of  calibration  (tolerance  limit  0.02  percent). 
All  values  are  averages  cf  duplicate  determinations.    Readings  vere 
made  from  lo^-^est  Doint  of  fat  column  to  highest  point  of  upper  meniscus. 
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Table  2,    Butterfat  in  r^.ilk:     Coinpnrison  of  BOI  Deter-ent  Test  vdth 

Babcock  and  Roese-Gottlieb  (llojonnier)  Tests. 


sample-/  ; 

\  aat;e  )  ; 

}            BDI  Test^ 

1  tlO  C/S  e— IjrOL  b  X 1  GD 

»       i  esTj  0/ 

:  Uiiiciaj,  y 
:  reading  z/ 

/*»          ^  ^  'r  M 

L/Oi  recucQ    J  ', 

J  •  4/ 

reauin,^    ^  : 

!  vjl  1 1  ciai  _  / 

.  reaamg 

7  on 

om  (o 

7  fin 

o  e  OO 

*t.  JLi? 

A  HA 

Aid 

O.  «7V 

O9  I  D 

0.0/ 

3.88 

3.76 

Oo  10 

u  .  cSO 

4.22 

4.10 

Alt; 

A  1ft 

4o29 

4.17 

A  97 

A   1  9 

A  99 

4-28 

4,20 

4.08 

4o20 

4o05 

3.95 

5-5 

2  c  88 

2*76 

2c97 

2*82 

2.84 

5-7 

4,22 

4.10 

4.21 

4.06 

4.05 

5-8 

3c72 

3.60 

3r,70 

3a55 

.  3c62 

5-11 

4o24 

4.12 

4o25 

4ao 

4.10 

5-13 

3.81 

3*39 

3c90 

3,75 

3*68 

5-14 

.  3o90 

3c  78 

3.85 

3o70 

3»64 

5-15 

3.72 

3.60 

3.75 

3.60 

3.54 

Average  3.94  3*82    '  3.94  3.79  3.82 


Mixed  herd  milk  except  for  one  sample  of  Dure  Kolstein  milk. 
2 

BDI  and  Babcock  tests  were  conducted  in  Babcock  test  bottles  especially 
selected  for  accuracy  of  calibration  (tolerance  limit  0.02  percent).  Values 
for  these  tests  are  averages  of  duplicate  determinations. 

From  lowest  point  of  fat  column  to  highest  point  of  upper  meniscus. 

4 

Official  reading  minus  a  factor  introduced  to  correct  for  errors  due  to 
depth  of  upper  meniscus.    This  factor,  calculated  by  Dr.  Holm,  is  0.12  per- 
cent for  the  BDI  test  and  0.15  percent  for  the  Babcock  test. 

5 

^Averages  of  triplicate  determinations. 
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Finally,  F.r.  Sager  presented  t?ie  follor.dcg  fir.ures,  suirmfjrizing  the  most 
recent  data  comparing  the  BDI^  Babcock,  and  Roese-'"ottlieb  tests* 


!                  BDI  test  : 

Sample 

1  Average 
I         of  I 

:  Bottom 

!  to 

bottom  i 

!  Botton  . 
:  to  ! 
:     top  ! 

:  Bottom 
:       to  ! 
;  reader  ; 

\  Eabcock  ; 
:  test 

:  Roese- 

:Gottlieb 
\    t  est 

}  ilk  (mixed-herd)  i 

I        44  ! 

•  4,41 

!      4.41  . 

ice  craeiiu  \  vtinous 

flavors)  J 

I        49  ! 

,  12.21 

\     12.31  ; 

:  12.33 

Ice  cream  (vanilla) 

:  26 

:  11.92 

:     12o04  ; 

'  12.064 

Ice  cream  (chocolate)  ! 

:  16 

i     12«66  : 

!     12^81  ; 

:  12a708 

Evaporated  milk  j 

I          3  ; 

:  7o7 

f     8,1  : 

:  8.043 

Mr©  Saser,  in  answer  to  a  question:     In  the  e::pression  "bottom  to  reader", 
the  "reader"  is  a  mineral  oil  prepration  kno^m  as  Gl;;-.ol  ^.vhich  is  added  drop^"ise 
to  the  top  of  the  fat  column  in  the  neck  of  the  bottle.    The  CTl;^/mol  is  not  mis- 
cible  v/ith  the  fat  and  elirdnates  the  air-fat  interface,  thus  serving  to  flatten 
the  meniscus. 

Dto  Corbett:    Dairj^  plants  buy  milk  on  the  basis  of  the  Babcock  test,  and 
sell  it  on  the  basis  of  the  Kojonnier  ( -oese-Gottlieb )  teste    There  hss  existed 
a  need  to  reconcile  the  two  tests,   since  discrepancies  are  the  cause  of  monetary 
loss.     In  any  cor.parative  studies  of  the  nev;  BDI  test,  its  relation  to  the  llo- 
jonnier  test  should  be  emphasized. 

Dr.  Parfitt:     The  group  here  present  supervises  perhaps  6  million  Babcock 
tests  every  year.    Dr.  Corbett 's  point,  that  the  BDI  test  should  be  reconciled 
vdth  the  Mojonrder  t  ^st,  is  very  pertinent. 

Dr.  Holm:     Discrepancies  bet^veen  the  I'ojonnier  and  other  tests  may  be  at 
least  partly  due  to  the  fact  that  the  ethers  used  in  the    ojonrder  test  extract 
phospholipids  as  ^-^ell  as  glycerid-s,  thus  tending  to  ^ive  high  values. 

I  r.  Heinemann:    Another  factor  to  be  considered  is  that  there  apoears  to 
be  a  seasonal  difference  bet^-veen  Babcock  and  •  ojonrder  test  results. 

Dr.  Hartman:    ^"'ould  lil^e  to  see  the  BDI  test  tried  out  in  Dlants,  and  to 
have  it  studied  by  a  committee  of  the  American  Dair^^  Science  j^^ssociation. 
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Dr©  Holm:     The  AOAC  has  been  interested  in  making  a  collsborative  study 
vrhich  would  compare  the  BDI  and  J.lojonnier  tests,  and  in  x'/hich  the  jir.erican 
Dairy  Science  Association  would  doubtless  have  an  imoortsnt  rolec    As  of  last 
year,  Hr*  Sager  wps  somewhat  doubtful  that  the  test  was  ready  for  such  a  study. 
Ho^^ever,  since  the  discovery  th?^t  sodium  carbonate  is  a  useful  adjunct  to  the 
oolyohosohate,  pprticularly  in  the  case  of  high-solids  saiiioles,  I.ir,  3a  er  feels 
that  it  would  be  desirable  to  ^o  ahead  I'dth  the  collaboration. 

Dr.  flolmj  continuing:     It  would  be  v/ise  not  to  look  uoon  the  BDI  test  in 
its  present  form  as  a  perfect  test.    There  is  still  room  for  im-^'rovement •  This 
is  not  at  all  discouraging  when  it  is  roTterabered  that  after  60  yea^-s  of  exper- 
ience, the  Eabcock  test  still  has  many  major  faults.     If  the  ACuxC  finds  that 
the  BDI  test  in  its  present  form  is  as  good  as  the  Eabcock  test,  it  mil  be  an 
imoortant  forward  step. 


Determination  of  Total  Solids  of  Kilk  by  !Ieans  of  the  Lactometer 

Paul  D.  ''i/ at  son 


Lactometer  readin^^s,  in  combination  with  the  percentage  of  bu^terfat, 
were  used  by  dairy  chemists  as  early  as  1841  in  efforts  to  combat  the  practice 
of  watering  milk.    Howe-^rer,  in  those  days  the  methods  for  the  determination  of 
fat  were  rather  crude,  and  a  statenent  of  the  quantitative  relationship  be- 
tween the  fat  content,   specific  gravity,  end  total  solid's  of  mil^-:  had  to  a-vait 
the  development  of  a  quick  and  repsonably  accurate  method  for  determining  but- 
terfat,  which  was  achieved  bv  Babcock  towards  the  close  of  the  century.  Since 
that  time,  the  use  of  formulas  for  calculating  the  solids  in  m.ilk  has  been 
QOTPTon  in  the  United  States  and  abroad,  and  over  three  dozen  different  ecua- 
tions  have  been  proposed  by  various  investigators. 

It  has  often  be  n  noted  that  these  formulas  appear  to  give  reliable  esti- 
mates of  rdlk  solids  only  when  applied  to  data  from  which  they  were  derived, 
T'any  researchers  have,  therefore,  substituted  constants  and  corrections  in  the 
basic  equations  in  order  to  make  the  comuuted  values  agre<=  with  the  experimen- 
tal ones.    The  different  constants,  corrections,  and  divergencies  in  the  calcu- 
lated values  for  total  solids  have  caused  collusion,  and  have  cast  doubt  upon 
the  fundamiental  reliabilitv  of  the  procedure. 

To  a  large  extent,  the  lag  in  the  development  of  a  truly  satisfactory  me- 
thod for  milk  solids  is  attributable  to  the  emphasis  that  for  nany  years  has 
been  placed  upon  the  butterfat  content  of  milk  as  a  basis  for  pr^irient  to  far- 
mers.   However,  the  increasing  inDortance  of  the  nonfat  solids  in  the  economy 
of  the  dairy  industry  has  made  it  imperative  to  have  a  -ethod  for  their  deter- 
mination which  ^^'ould  be  comparable  in  speed  and  accvTacy  to  the  Babcock  fat 
test.     Hence  the  Dairy  Products  S-ction  has  devoured  considerable  e  fort  to  an 
analysis  of  the  problem,  and  to  the  development  of  a  convenient  and  practical 
method  which  v/ould  eliminate  or  minimize  the  difficulties  previously  encoun- 
tered. 
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Sources  of  Error  in  Previous  Work 


A  study  of  the  literature  indicated  that  the  unsatisfactory  results  ob- 
tained by  previous  v;orkers  "'ere  due  largely  to  tvo  factors*    One  of  these  is 
the  indefinite  physical  state  of  milk  fat  at  60°Fo,  the  temperature  enerally 
used  for  lactometer  measureaientso     The  uncertain  de.f^ree  of  solidification  of 
the  fat  at  this  temperature  makes  it  unlikelj^  that  consistent  x^alues  will  be 
obtained •    The  need  for  having  the  fat  in  a  more  uniform  state  he s  been  rec- 
ognized for  maity  years,  but  progress  tovjard  a  solution  to  the  nroblem  has  been 
slow.    Various  workers  have  preheated  the  milk  to  104°Fo,  or  even  as  high  as 
113°F,;  but  before  .'^laking  the  lactometer  readin;~:;s,  they  have  cooled  it  ap^ain 
to  60°  or  thereabouts. 

The  second  factor  causing  trouble  in  the  determiration  of  total  solids 
is  the  general  use  of  poorly-designed  ard  inaccurately-calibrated  lactometers 
by  dairy  scientists  and  technologists*      ost  lactometers  in  use  today  appear 
not  to  have  been  checked  for  accuracy,  or  to  have  been  checked  only  in  some 
unsatisfactory  ^A^a^-;  certainl;-,  none  ap'^ear  to  have  been  certified  by  the  ra- 
tional Bureau  of  Sta^ioards*     The  literature  indicates  that  it  is  comrron  prac- 
tice to  calibrate  lactometers  in  solutions  of  salts,  acid,  or  surrar,  vrhich  have 
a  surface  tension  considerably  higher  than  that  of  ^  ilj-;  invariably,  no  men- 
tion is  made  of  any  correction  for  the  differences  in  surface  tension  and  the 
meniscus,  the  neglfot  of  which  can  cause  appreciable  errors  in  the  evaluation 
of  the  various  formulas  for  calculating  milk  solids*     Sorae  ^'^orkers  have  tried 
to  avoid  er'rors  by  calibrating  their  lactom.eters  in  m.ilk,     T'  e  use  of  ^hiole 
milk  in  pycnometers  is  imoractical,  due  to  the  rising  of  the  fat  and  also  be- 
cause of  variations  in  the  physical  state  of  the  fat  at  GO^F.j  and  if  skim 
milk  is  used,  it  is  possible  to  check  the  scale  at  only  one  noint,  whereas 
three  check  points  are  desirable* 

A  survey?-  of  comimercial  lactometers  indicates  that  of  a  half-dozen  types 
available,  none  is  entirely  suitable  for  accurate  milk-solids  deterninrtions . 
The  stuf^^y,  practi  cal  t^pes  are  so  coarsely  graduated  that  readinr  s  of  the  re- 
tired precision  cannot  be  obtained,  while  the  f inel^^-graduat ed  instruments  are 
far  too  fragile  for  general  use.    And  all  tj^^pes  exardned  have  been  found  to 
give  inaccurate  readinr.s  when  com.pared  to  lactometers  calibrated  by  the  rational 
Bureau  of  Standards. 

In  connection  vrith  the  precision  of  readings,   some  workers  have  held  that 
in  determining  total  solids,  it  is  unnecessary  to  read  the  lactometer  closer 
than  0.5  of  a  degree,  since  this  value  is  cOFparable  to  an  error  of  only  0.1 
percent  in  the  Eabcock  butterfst  determine tion.    Kowever,  in  determinations  of 
solids-not-fat,  a  variation  of  0^5  lactomxeter  degree  will  result  in  an  error 
of  about  0.14  percent  in  solids-not-fat,  and  it  is  hence  desirable  that  the 
lactometer  be  readable  to  0.2  dec:ree. 


Proposed  Modifications  of  the  Lactometer  Procedure 

Temperature  of  measurement.     Consideration  of  the  temperature  problem^ 
has  led  to  the  conclusion  that  the  lactometer  method  can  be  made  more  practica 
by  eliminating  the  "cooling  down"  step  which  has  been  gen-rally  recommended  in 
the  past.     It  is  proposed  to  heat  the  milk  sarple  to  a  temperature  at  -hich 
milk' fat  is  in  a  uniform  liquid  state,  and  read  the  lactometer  at  this  tem.per- 
ature.     Since  the  milk  samples  are  held  for  several  mdnutes  while  a  reading  is 
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mede,  it  is  desirable  that  the  tenrierature  be  just  hi'-^h  enough  to  insv  re  fat 
liquidity,  but  not  so  high  that  other  -ohysical  chan-i'es  vrould  oocur  to  affect 
the  specific  gravity  of  the  nilko    ExDeriments  showed  thet  consistent,  re- 
Droducible  results  can  be  obtained  if  the  holding  temperature  is  102°F. 
(39**C.),  Tvhich  is  slightly  aoove  the  body  ter.pe  ature  of  the  ccy;«     This  fig- 
ure is  consistent  v-ith  the  literature  on  the  melting  ran^^e  of  butterfat. 

*'o  Drovision  is  nade  for  temperature  variations  and  conseauert  correc- 
tions, since  1C2**F,  is  a  minimuni  temperature,  and  coi'rections  could  be  a  source 
of  unnecessary  error.    The  temperature  can  be  readily  i-.aintained  by  use  of  a 
water  bath  equipped  with  thermostatic  control. 

Milk  samples  ma^'-  be  ranidlj*  hested  to  near  the  proper  temxperature  by  brief 
imr.ersion  in  hot  T/^ater  before  transferring  to  lactometer  cylinders  in  the  bath, 
v/here  they  are  held  at  102°F,  for  about  3  minutes  before  the  lactom.eter  is  re&d. 
Before  using,  lactometers  should  be  pre'.Tarmed  in  the  r^ater  bath  for  a  fev;  min- 
utes and  dried  with  a  clo^h*     It  has  been  found  that  the  samples  of  milk  may  be 
held  in  the  bath  for  an  hour  or  miore  at  the  specified  temperature  v/ithout  any 
appreciable  change  in  the  lactometer  readin  ,s,  provided  the  sa-.ules  are  stirred 
briefly  before  the  reading*     This  makes  it  possible  tc  carry  out,  in  a  time- 
saving  manner,  successive  readings  on  a  considerable  num.ber  of  sa:  pies  v;hile 
they  are  all  immersed  in  the  bath,  with  the  certeint^T-  that  tem^perature  equilib- 
rium has  been  attained. 

■ 

Lactometer  design.    Concurrently  with  the  matter  of  sample  temperature, 
attention  has  been  given  to  Irctometer  design.     In  the  preliminary  experimen- 
tal vjork       milk  solids,  the  Dairy  Products  Section  had  used  a  fragile  type  of 
commercial  lactometer,  graduated  to  read  to  0»1  of  a  lactom.eter  degree  at  6C°F,, 
and  checked  by  the  rational  Bureau  of  Standards.    "*lien  this  vras  used  at  1C2**F,, 
the  total-solics  forraula  included  an  undesirabl-^r  large  correction  factor  for 
the  differerce  in  expansion  of  glass  and  milk  over  the  ra  ge  60  to  102°.  Con- 
sequently, the  Section  designed  a  new  glass  la ctometer  v/}  ich  is  calibrated  to 
read  the  specific  gravity  of  milk  at  102 **F.,  referred  to  water  at  102 ''F.,  over 
the  range  between  26  and  37  lactometer  degrees.     It  was  necessary  to  provide 
a  rather  large  bulb  in  order  to  secure  an  instrument  vdth  both  a  sturdy  stem 
and  sufficient  sensitivity  to  read  to  0,2  degree  (two  in  the  fourth  deci ral 
place,  expressed  as  specific  gravity),    A  mdlk  sample  of  about  10  ounces  is 
required.     This  lactomieter  is  nov/  on  the  market. 

Since  the  nature  of  glass  somewhat  limits  the  durability  and  sensitivity 
desirable  in  a  lactometer  of  reasonably  snail  size,  the  Section  has  developed 
an  aluminum  model  which  has  Yery  interesting  possibilities  from  the  s-andpoints 
of  sensitivity,  ease  of  reading,  and  unbreakability. 

Results  with  Modified  Lactomieter  Procedure 

Mr.  ^Tatson  distributed  a  circular  (BDIi^-1155)  containing  the  results  of 
more  than  80  milk  solids  determ.i nations  by  lactometer  readings  at  102°F,,  as 
compared  vdth  results  by  the  Hojonnier  vacuum-oven  method.     The  samples  in- 
cluded mdlk  from  individual  cows,   sm.all  groups  of  cows,  and  mixed  herds,  as 
well  as  skim  milk  and  milk  containing  added  v^ater  or  skim-milk  solids.  Each 
determination  was  run  in  duplicate. 
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For  63  samples,  lactoni'-^t er  }"eadinfi;s  ^'lere  riade  v/ith  a  precision  instru- 
ment calibrated  by  the  Bur  eau  of  Sta.iidards  for  use  at  60*'F«     The  following 
formula  was  developed  to  cover  its  use  at  102*: 

TS  .  1.262  F  .  2L^-iL:J)  . 

L  +  1000 

where  TS  -  total  solids  (percent),  F  «  fat  (percent),  and  I  »  lactometer  reading 
(def^'.rees)* 

For  21  samples,  measurements  were  made  with  the  new  glass  lactometer  de- 
signed by  the  Dairy  Products  Section  specifically  for  use  at  102 Here  the 
formula  used  v^as: 


27*^  T 

TS  =  1,262  F  +  — i-™-  , 

L  +  1000 

In  all  cases,  the  fat  determination  was  made  by  the  Bab  cock  method,  Vvdth 
accurately-calibrated  glass''are«     In  many  cases,  the  Babcock  results  ivere  checked 
by  gravimetric  methods. 

Very  good  agreement  wps  obtained  bet^^een  lactometer  and  vacuum»«overi  m.e- 
thods*    For  the  63  samples  in  which  the  precision  lactometer  was  used,  the  mean 
variation  was  less  than  0.003  percent  total  solids.    For  the  21  sam.ples  in  which 
the  new  Dairy  Products  lactometer  was  used,  the  mean  variation  was  0,010  per- 
cent*   For  individual  sanples,  the  variation  was  generally  less  than  0.10  per- 
cent, and  only  infrequently  did  it  exceed  0.20  percent. 

Mr,  ^"^atson  observed  that  when  fat  is  determined  by  the  BDI  detergent  test 
instead  of  b^^  the  Babcock  test,  the  results  v^ith  the  Dairy  Products  lactometer 
are  fitted  into  a  slightly  different  formula: 

273  L 

TS  =  1.53  F  +   -  0,3 

L  +  1000 

This  preliminary  work  indicates  that  the  modified  lactometer  method  gives 
results  which  should  compare  favorably  in  accuracy  v/ith  any  other  method,  and 
should  be  practical  for  general  use.     The  method  is  being  further  checked  in 
cooperative  studies  at  the  Unive^^sity  of  I.  a ry land  and  the  University  of  '.Yis con- 
sin,   sponsored  by  the  American  Dairy  Association. 


Discussion 

Dr.  Parfitt;     Eave  you  used  the  newr  lactometer  method  in  studies  of  milk 
adulteration,   such  as  the  I'ew  York  City  Board  of  health  has  conducted?    L  r. 
'■'Jatson:    No;  however,  it  might  be  useful  in  this  connection. 

I'.'ir.  Heinemann:  The  lactometer  test  is  influenced  by  abnormalities  in  th 
protein  and  lactose  content  of  milk.  TTr.  ''hittier:  The  calculated  protein  co: 
tent  of  the  total  rilk  solids  is  approximately  constant  at  26  l/2  percent,  re- 
gardless of  the  fat  concentration.    Hov:ever,  the  lactose  content  is  in  inverse 
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relation  to  the  amount  of  f at  •    The  specific  gravity  of  no;  fat  lidlk  solids  is 
1.61  -  .0064-Fat, 

Dr.  Holm:    A  difficulty  in  lactometer  v/ork  has  been  the  assumption  thst  the 
specific  gravity  of  nonfat  solids  ''oes  not  cbanf^e.    This  assunption  is  incorrect. 
The  formula  corrects  for  the  chanp;e  in  the  density  of  the  solids.    Dr.  iarCitt: 
This  consideration  is  i'-'Dortaiit  in  the  evaporated  milk  industry.     Iji  some  arecs, 
there  is  a  variation  in  ^deld  of  as  much  as  o.^e  pound  of  milk  in  a  case. 

Dr.  Kolm:     Se'-^eral  years  ago  we  determined  the  ;^deld  of  cheese  from  .il^- 
prcduced  at  different  times  of  the  }/ecr.     There  p,t.b  a  sharp  drop  in  .the  yield 
curve  in    ay,  when  cows  are  put  out  on  pasture.    ]"r.  Heinemann:     In  this  connec- 
tion, the  de  lermination  of  total  solids  -dth  a  lactometer  works  ■'■'ell  in  &ny 
month  except  I ''ay. 


